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Description 

Radiation-emitting semiconductor component 

The invention concerns a radiation-emitting semiconductor component with a layer structure 
comprising an n-doped confinement layer, a p-doped confinement layer, and an active, photon- 
emitting layer disposed between the n-doped confinement layer and the p-doped confinement 
layer. 

The confinement layers in the present case are material layers or sequences of material layers 
that are capable of confining charge carriers to a photon-generating active region of the layer 
structure. 

In the present context, the term "confinement layer" encompasses both a single material layer 
and a sequence of material layers that comprises the function of a confinement layer. 
Analogously, the term "photon-emitting layer" encompasses both a single material layer and a 
sequence of material layers that is capable of emitting photons when operating. 

The present patent application claims the priority of the German patent application having the 
application number 103 29 079.6 (priority date: June 27, 2003), whose disclosure content is 
hereby incorporated into this application by reference. 

In laser diodes and light-emitting diodes (LEDs) based on AlInGaP, but also on other material 
systems, efforts are made to obtain the highest possible n-doping in the confinement layers in 
order to minimize charge carrier losses due to leakage currents. At the same time, a sharp drop- 
off in doping at the edge of the waveguide of a laser diode is desirable to prevent increased 
absorption of the laser mode. If these conditions are met, however, the electrical, optical and/or 
electro-optical quality of the active layer (whether doped with the n-dopant or not) is frequently 
unsatisfactory. On the other hand, the use of other dopants that improve the electrical or optical 
quality of the active layer leads to other disadvantages, such as lower efficiency for the 
components produced. 
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The object of the present invention is to specify a radiation-emitting semiconductor component 
of the species recited at the beginning hereof, which exhibits improved electrical and/or optical 
quality of the active layer and/or a high efficiency. 

This object is achieved by means of a radiation-emitting semiconductor component having the 
features of Claim 1. 

Further advantageous configurations of the invention will emerge from Dependent Claims 
2 to 13. 

In a radiation-emitting semiconductor component according to the invention, it is provided that 
the n-doped confinement layer is doped with a first n-dopant, particularly for producing high 
active doping and a sharp doping profile, and the active layer is doped with a second n-dopant 
different from the first dopant, particularly for improving the layer quality of the active layer. 

The invention is therefore based on the idea of using two different n-dopants that are 
incorporated at different locations in the layer structure, so that the different properties of the two 
dopants can be exploited locally in a systematic manner. 

The aforesaid first n-dopant is selected to permit the highest possible active doping of the 
confinement layer and a sharp doping profile. The active layer, by contrast, is doped with a 
second n-dopant that is suitable for improving the electrical and/or optical quality of said active 
layer. This improvement can in particular take the form of suppressing ordering effects, of the 
kind known for example from K.L. Chang et al., J. Appl. Phys. 92, 6582 (2002), or suppressing 
nonradiating centers. 

In an advantageous configuration of the invention, it is provided that the n-doped confinement 
layer is doped both with the first n-dopant and with an additional dopant, particularly the second 
n-dopant. This achieves the result of increasing the active doping to the sum of the two active 
dopant concentrations. The advantage of high achievable doping and a sharp doping profile is 
simultaneously preserved. 
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In a preferred improvement of the invention, the semiconductor component is an LED. The 
active layer of the LED can in this case be formed by a homogeneous layer or by a quantum well 
or a multiple quantum well. 

In another preferred improvement of the invention, the semiconductor component is an edge- 
emitting laser diode, in which a first waveguide layer is disposed between the active layer and 
the n-doped confinement layer and a second waveguide layer is disposed between the active 
layer and the p-doped confinement layer. 

The first waveguide layer of the laser diode can be undoped or, like the active layer, doped with 
the second n-dopant. It can also, however, be doped with both of the n-dopants or with only the 
first n-dopant. 

The second waveguide layer is preferably undoped. 

Silicon is preferably used as the first n-dopant, since very high n-dopings as well as a sharply 
decreasing dopant profile can be obtained with silicon. 

Telluride is preferably used as the second n-dopant. It has been found, surprisingly, that telluride 
has the property of suppressing undesired ordering effects in the active layer and generally 
improving the optical/electrical quality of the active layer. On the other hand, telluride diffuses 
very strongly during epitaxial growth, so using telluride as the sole dopant both for the 
confinement layer and for the active layer makes for components of comparatively low 
efficiency. 

The p-doped confinement layers of the laser diodes or LEDs are preferably doped with 
magnesium or zinc. 

The invention can be used with particular advantage in radiation-emitting semiconductor 
components whose layer structure is formed on the basis of AlInGaP. 
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Furthermore, the invention can also be used advantageously in connection with layer structures 
based on other material systems, such as for example AlGaAs, InGaAlAs or InGaAsP, in which 
ordering effects can occur or in which the electrical and/or optical quality of the active layer can 
be influenced by a dopant. 

The group of such AlInGaP-based layer structures includes, first and foremost, any III-V 
compound semiconductor structure of the kind cited at the beginning hereof, suitable for a 
radiation-emitting semiconductor component, that has a layer sequence made up of different 
individual layers and contains at least one individual layer comprising a III-V compound 
semiconductor material composed of the material system Al x hiyGai. x -yP, in which 0 <x <1, 
0 <y <1 and x + y <1. Such a III-V compound semiconductor structure can, for example, 
comprise a conventional pn junction, a double heterostructure, a single quantum well structure 
(SQW structure) or a multiple quantum well structure (MQW structure). Structures of this nature 
are known to the skilled person and will therefore not be described in more detail herein. 

The same applies to layer structures based on AlGaAs, InGaAlAs or InGaAsP. 

In introducing the dopants, a dopant incorporation behavior that differs with growth temperature 
can be used to advantage. For example, the incorporation of silicon increases with increasing 
growth temperature, whereas the incorporation of telluride diminishes. The concentration of the 
various dopants in the structures of the component can thus be adjusted over a defined 
temperature profile. 

Further advantageous configurations, features and details of the invention will emerge from the 
following description of exemplary embodiments in conjunction with the drawings. 

Therein: 

Fig. 1 is a schematic representation of a sectional view of a laser diode according to one 

exemplary embodiment of the invention, and 
Fig. 2 is a schematic sectional view of an LED according to another exemplary embodiment of 

the invention. 
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It should be expressly noted that the layer structures and layer thickness ratios in the figures are 
not depicted true to scale. 

First exemplary embodiment: 

The first exemplary embodiment of the invention, illustrated in schematic sectional view in 
Fig. 1, is an AlInGaP-based edge-emitting laser diode layer structure 10. 

Only the layers essential to an understanding of the invention are depicted in the schematic 
representation of Fig. 1. It is understood, however, that additional layers, such as for example 
buffer layers, interlayers, contact layers, ramps and the like, may also be present. 

In the laser diode layer structure 10, an AlInGaP-based layer sequence is grown on a silicon- 
doped GaAs substrate 12. 

This AlInGaP-based layer sequence includes: 

- an n-doped Ino. 5 (Al x Gai_ x )o.5P confinement layer 14, preferably n-doped with silicon, on the 
GaAs substrate 12, 

- disposed after n-doped confinement layer 14 as viewed from GaAs substrate 12, a first 
Ino.5(Al x Gai_ x ) 0 .5P waveguide layer 16 that is undoped, 

- disposed after undoped Ino.5(Al x Gai_ x ) 0 .5P waveguide layer 16 as viewed from GaAs substrate 
12, a telluride-doped active In z Gai_ z P layer 18, 

- disposed after telluride-doped active In z Gai_ z P layer 18 as viewed from GaAs substrate 12, a 
second Ino.5(Al y Gai_ y )o. 5 P waveguide layer 20 that is undoped, and 

- disposed after second Ino.5(Al y Gai- y ) 0 .5P waveguide layer 20 as viewed from GaAs substrate 
12, a p-doped Ino.5(Al x Gai_ x ) 0 .5P confinement layer 22 that is preferably p-doped with 
magnesium and/or zinc. 

For the index variables x, y and z, here 0 <x <1, 0 <y <1 and 0 <z <1. 
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Silicon is used as the first n-dopant for the n-doped Ino.5(Al x Gai_ x ) 0 .5P confinement layer 14 in 
this first exemplary embodiment. This achieves the effect in the n-doped Ino.5(Al x Gai_ x )o.5P 
confinement layer 14 of advantageously high n-doping plus a doping profile that exhibits a sharp 
drop-off. 

Used as the second dopant, for the active In z Gai_ z P layer 18, is telluride, which serves to develop 
an active layer of advantageously high electrical and optical quality. In particular, telluride 
doping suppresses undesired ordering effects in the crystal structure of the active layer. 

Second exemplary embodiment: 

In a second exemplary embodiment of the invention (see also Fig. 1), which again is an 
AlInGaP -based edge-emitting laser diode layer structure, in contrast to the above-described first 
exemplary embodiment the first Ino.5(Al x Gai. x ) 0 .5P waveguide layer 16 is also doped with 
telluride. This results in a layer sequence in which grown on the silicon-doped GaAs substrate 12 
are an Ino.5(Al x Gai- x )o.5P confinement layer 14 n-doped with silicon, a first Ino.5(Al x Gai_ x )o.5P 
waveguide layer 16 n-doped with telluride, an active In z Gai_ z P layer 18 n-doped with telluride, 
an undoped second Ino.5(Al y Gai. y )o.5P waveguide layer 20 and an Ino.5(Al x Gai_ x )o.5P confinement 
layer 22 p-doped with magnesium or zinc. 

The first Ino.5(Al x Gai_ x )o. 5 P waveguide layer 16 can optionally be doped with silicon in addition. 

Doping the waveguide layer advantageously further reduces charge carrier losses and thus 
increases the efficiency of the component. 

Third exemplary embodiment: 

In a third exemplary embodiment of the invention (see also Fig. 1), which again is an AlInGaP- 
based edge-emitting laser diode layer structure, the n-doped ftio.5(Al x Gai. x ) 0 .5P confinement layer 
14 is, in contrast to the first exemplary embodiment, doped not with just one but with both of the 
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n-dopants, i.e., both with the first and with the second n-dopant used, in order advantageously to 
increase the overall active dopant concentration ideally to the sum of the two dopant 
concentrations. 

The first Ino.5(Al x Gai_ x )o.5P waveguide layer, 16 can be undoped, or it can be doped with telluride 
or with silicon and telluride. 

Overall, therefore, in this example a layer sequence comprising the following layers is grown on 
the silicon-doped GaAs substrate 12: 

- an Ino.5(Al x Gai- x )o.5P confinement layer 14 n-doped with silicon and telluride, 

- a first Ino.5(Al x Gai. x )o.5P waveguide layer 16 that is undoped or is n-doped with telluride, 

- an active In 2 Gai_ z P layer 18 n-doped with telluride, 

- an undoped second Ino. 5 (Al y Gai_ y )o.5P waveguide layer 20 and 

- an Ino.5(Al x Gai_ x )o.5P confinement layer 22 p-doped with magnesium or zinc. 

Hence, as in the first exemplary embodiment, silicon is used as the first n-dopant and telluride as 
the second n-dopant. This again yields the advantages delineated hereinbefore. 

Fourth exemplary embodiment: 

The fourth exemplary embodiment of the invention, depicted in schematic sectional view in Fig. 
2, is an AlInGaP-based LED layer structure 30 grown on a silicon-doped GaAs substrate 32. 

This AlInGaP-based layer sequence 30 includes: 

- an n-doped Ino.5(Al x Gai- x )o. 5 P confinement layer 34, preferably n-doped with silicon, on the 
GaAs substrate 12, 

- disposed after n-doped Ino.5(Al x Gai. x )o. 5 P confinement layer 34 as viewed from GaAs 
substrate 12, an n-doped active Ino. 5 (Al y Gai_ y )o.5P layer 36 that is preferably n-doped with 
telluride, and 
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- disposed after n-doped active Ino.5(Al y Gai_ y )o.5P layer 36 as viewed from GaAs substrate 12, 
a p-doped Ino.5(Al x Gai- x )o.5P confinement layer 38 that is preferably p-doped with 
magnesium and/or zinc. 

The active layer in this case can be a homogeneous layer, or it can be formed by a quantum well 
or multiple quantum well structure. 

As in the preceding exemplary embodiments, therefore, with a correspondingly advantageous 
effect on the LED, silicon is used as the first n-dopant for the n-type confinement layer 34 and 
telluride as the second dopant for the active layer 36. 

It is understood that the features of the invention disclosed in the foregoing description, in the 
drawings and in the claims can be essential to the implementation of the invention both 
individually and in any combination. 

The invention naturally is not limited to the exemplary embodiments by the description of it with 
reference thereto. Rather, the invention encompasses any novel feature and any combination of 
features, including in particular any combination of individual features specified in the various 
claims or the various exemplary embodiments, even if the feature or combination concerned is 
not explicitly mentioned per se in the claims or exemplary embodiments. 
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